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A model of traversable wormhole in an extended gravity theory has been proposed. The Casimir
effect and Generalised Uncertainty Principle (GUP) arising out of the concept of minimal length have
been considered to obtain the shape function, radial and tangential pressure of the wormhole. The
effects of the GUP parameter and the parameter of the extended gravity theory on the wormhole
properties have been discussed. The energy condition violation by the exotic matter of Casimir
wormhole have been shown. Also we have calculated the exotic matter content of the Casimir
wormhole that violate the null energy condition.
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I. INTRODUCTION
Wormholes are the hypothetical bridges connecting two asymptotic regions of the same spacetime and provide a
short cut path that can be traversable through a minimal surface area called wormhole throat. Einstein and Rosen,
proposed the existence of such hypothetical passages called Einstein-Rosen bridges in General Relativity (GR) [1].
Morris and Thorne proposed traversable wormholes as the solutions of Einstein field equations that contain exotic
matter with negative energy density [2]. The stability of the traversable wormhole depends on its exotic matter
content. It is obvious that the exotic matter of wormholes violates the null energy condition (NEC). There have been
many attempts in literature to avoid or to minimize the NEC violation. One such example is the model of Visser [3].
Visser constructed wormhole models in such a manner that traversable path should not fall within the area of exotic
matter. Classically, it is not possible to have enough negative energy density and therefore no traversable wormholes
can exist. However, quantum mechanical concepts provide us opportunity to have negative energy sources through
the realisation of vacuum fluctuation of quantum fields. Also, Marolf and Polchinski have shown that wormholes are
associated with some sort of quantum entanglement [4].
Till date, no wormholes have been detected or even there is no trace of the consequences of traversable wormholes.
Recently, Garattini [5] has proposed a model of static traversable wormhole exploring the negative energy density due
to the Casimir effect and examined the consequences of the constraint imposed by a quantum weak energy condition.
In fact, the Casimir effect has a strong dependence on the geometry of boundaries and the Casimir energy represents
the only artificially source of exotic matter realizable in laboratory. The quantum field of the vacuum between the
two uncharged plane parallel plates are distorted and leads to a negative energy density which may well be considered
as a suitable source for traversable wormholes. Another important aspect of quantum mechanics developed in recent
times is the concept of minimal length of the order of Planck length. The minimal length scale limits the resolution
of small distances in spacetime. This arises naturally in quantum gravity theories with a minimum uncertainty in
position. This concept of minimal length obviously demands for a change in the position-momentum uncertainty
relation. The generalised uncertainty principle (GUP) redefines the negative Casimir energy density. Of course, this
redefined Casimir energy density depends on the specific construction of the maximally localized quantum states. In
view of this, it is interesting to incorporate the effect of GUP in modelling traversable wormholes. Jusufi et al. have
investigated the effect of the GUP in the Casimir wormholes where the source of exotic matter is nothing but the
negative Casimir energy density [6]. Javed et al. [7] have calculated the weak deflection angle of light from Casimir
wormholes in the weak field limit.
In the present work, we have explored the effect of the GUP on the Casmir wormholes in the framework of an
extended gravity theory. It is needless to mention here that, recent observations suggest that the universe is not
only expanding but the expansion is accelerating at the present epoch. In the purview of GR, this late time cosmic
speed up issue can be attributed to an exotic dark energy form with a negative pressure. However, different modified
theories of gravity have been proposed in recent times without the need of any such dynamical degrees of freedom
[8–13]. In these modified theories, the geometrical action is modified with or without the inclusion of any matter form.
The material contributions within the geometrical action is usually motivated from the quantum effects such as the
particle production. The extended theories of gravity having a material contribution in the geometrical action have
been quite successful in addressing many issues in cosmology and astrophysics. Of late, modified theories of gravity
are becoming popular for modelling wormholes [14–22].
The organisation of the paper is as follows: Section II contains a brief review of the extended gravity theory. In
Section-III, a model of traversable wormholes is presented in the extended gravity theory. Wormhole model with the
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2incorporation of Casimir effect is discussed in Section-IV. In this section, we have considered the negative energy
density due to Casimir effect to be the source of exotic matter in traversable wormholes and studied the effect of the
extended gravity parameter on the shape function and other properties. A brief review of the quantum mechanics
of the generalised uncertainty principle is presented in Section-V. The shape function, radial and tangential pressure
for Casimir wormholes with the GUP correction are discussed in Section-VI. Two different types of construction
of the maximally localized states have been considered in the present work to model the GUP corrected Casimir
wormholes. The effect of the minimal uncertainty parameter of GUP and the extended gravity parameter on the
wormhole properties are investigated. The energy condition violation along with the amount of exotic matter content
in the Casimir wormhole have been calculated in Section VII. The results of the present work are summarised in
Section-VIII.
II. A BRIEF REVIEW OF THE FORMALISM
We consider the action for a geometrically modified theory of gravity as
S =
∫
d4x
√−g
[
1
16pi
f(R, T ) + Lm
]
, (1)
where f(R, T ) is an arbitrary function of the Ricci scalar R and the trace T of the energy-momentum tensor. Lm
is the matter Lagrangian. The action reduces to that of GR for f(R, T ) = R. We use the natural system of unit:
G = c = ~ = 1; G is the Newtonian gravitational constant, c is the speed of light in vacuum and ~ is the reduced
Planck constant.
For minimal matter-geometry coupling, we may consider f(R, T ) = f1(R) + f2(T ). A variation of the action with
respect to the metric gµν , yields the field equations as
Rµν− 1
2
f−11,R(R)f1(R)gµν = f
−1
1,R(R)
[
(∇µ∇ν − gµν) f1,R(R) + [8pi + f2,T (T )]Tµν +
[
f2,T (T )p+
1
2
f2(T )
]
gµν
]
. (2)
Here we have used the shorthand notations
f1,R(R) ≡ ∂f1(R)
∂R
, f2,T (T ) ≡ ∂f2(T )
∂T
, f−11,R(R) ≡
1
f1,R(R)
. (3)
Following Harko et al. [13], we have assumed the matter Lagrangian as Lm = −p. The energy-momentum tensor Tµν
can be obtained from the matter Lagrangian:
Tµν = − 2√−g
δ (
√−gLm)
δgµν
. (4)
For a simple choice f1(R) = R, the field equation reduces to
Gµν = [8pi + f2,T (T )]Tµν +
[
f2,T (T )p+
1
2
f2(T )
]
gµν . (5)
We can write the field equation as
Gµν = κT
[
Tµν + T
int
µν
]
. (6)
where Gµν is the Einstein tensor. κT = 8pi + f2,T (T ) is the redefined Einstein constant which may depend on the
trace of the energy momentum tensor. The additional interactive energy-momentum tensor due to the geometrical
modification through a minimal coupling with matter is given by
T intµν =
[
f2,T (T )p+
1
2f2(T )
8pi + f2,T (T )
]
gµν . (7)
This term is due to the additional f2(T ) term in the geometrical action. A viable model may be constructed with a
suitable choice of f2(T ) which may be confronted with recent observations.
For the sake of brevity, in the present work, we consider a linear functional
1
2
f2(T ) = λT, (8)
3so that κT = 8pi + 2λ and T
int
µν =
gµν
κT
[(2p+ T )λ]. κT reduces to the usual Einstein constant in the limit λ→ 0 and
consequently the interactive term T intµν vanishes. In other words, the GR can be recovered from the extended gravity
in the limit λ → 0. Since, GR without any dynamical degrees of freedom fails to explain the late time cosmic speed
up phenomenon, it is wise to consider a simple geometrical modification to achieve the necessary cosmic acceleration.
In this theory, the additional interactive term in the field equation takes care of the cosmic speed up issue. One can
note that, similar choices of the functional f(R, T ) have been widely used in literature for investigations of many
issues in cosmology and astrophysics [13, 23–36]. Moreover, recently Ordines and Calson have tried to constrain this
coupling parameter λ from the observational data on earth’s atmosphere [37].
III. WORMHOLES IN EXTENDED GRAVITY
A static and spherically symmetric Morris-Thorne traversable wormhole is modelled through the metric given in
Schwarzchild coordinates [2]
ds2 = −e2Φdt2 + 1
ψ(r)
dr2 + r2dΩ2, (9)
where Φ = Φ(r) is the redshift function and ψ(r) = 1− b(r)r . Here dΩ2 = dθ2 +sin2θdφ2 is the surface element. b(r) is
the shape function defining the geometry of the wormhole. The redshift function and the shape function must satisfy
some of the conditions to provide a meaningful wormhole geometry. The redshift function e2Φ must be finite and
non-vanishing to avoid the formation of event horizon. The shape function b(r) reduces to the size of the wormhole
throat radius r0 at the throat i.e b(r0) = r0 and should obey the flare out condition
b(r)−rb′
b2(r) > 0. If we evaluate this
flare out condition at the wormhole throat, the condition reduces to b′(r0) =
db(r)
dr |r=r0 < 1.
The exotic matter content of the wormhole is described through the anisotropic fluid
Tµν = (ρ+ pt)uµuν − ptgµν + (pr − pt)xµxν , (10)
where uµ and xµ are the four velocity vectors along the transverse and radial directions. uµ and xµ satisfy the
relations uµuµ = −1 and xµxµ = 1. ρ is the energy density. pt and pr are the tangential and radial components of
the pressure. The trace of the energy momentum tensor becomes T = −ρ+ pr + 2pt.
For a tideless wormhole, we have Φ = 0 and therefore the field equations for the wormhole metric in the extended
gravity can be obtained as
ρ(r) = κ′T
b′(r)
r2
, (11)
pr(r) = −κ′T
b(r)
r3
, (12)
pt(r) = κ
′
T
b− b′r
2r3
, (13)
where κ′T =
1
κT
. For GR, we have, κT = 8pi and consequently the above wormhole field equations reduce to
ρ(r) =
1
8pi
b′(r)
r2
, (14)
pr(r) = − 1
8pi
b(r)
r3
, (15)
pt(r) =
1
8pi
b− b′r
2r3
. (16)
IV. CASIMIR WORMHOLES
The Casimir effect involves the manifestation of an attractive force between a closely placed pair of neutral, par-
allel uncharged conducting plates in vacuum. This interaction is caused by the disturbance of the vacuum of the
electromagnetic field and can be associated with the zero-point energy of a quantum electrodynamics (QED) vacuum
distorted by the plates. Such an effect is predicted theoretically by H.Casimir in 1948 [46] but observed experimentally
later [47]. Casimir effect is a pure quantum effect since the ground state of quantum electrodynamics or the vacuum
that causes the the uncharged plane plates to attract each other. In fact, the Casimir effect has a strong dependence
on the geometry of boundaries and the Casimir energy represents the only artificially source of exotic matter realizable
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FIG. 1: Shape function b(r) of the Casimir wormhole for three different values of λ. The throat radius is considered as r0 = 1.
In the figure λ = 0 corresponds to the that in GR.
in laboratory [5]. In general, exotic matter violates the energy condition particularly the null energy condition. In
principle, it is reasonable to consider Casimir effect in traversable wormholes which contains exotic matter violating
NEC. With such an idea, Garattini has proposed a model of traversable wormholes using the equation of state arising
out of the Casimir effect. Such wormholes are named as Casimir wormholes [5].
According to the Casimir effect, the attractive force between the plates arise because of the renormalized negative
energy
E(a) = − pi
2
720
S
a3
, (17)
where a is the distance of separation between the plates and S is the surface area of the plates. One can note that
the Casimir energy is lowered if we move the two plates closer. Consequently, the energy density becomes
ρ(a) = − pi
2
720
1
a4
. (18)
The pressure can be obtained from the renormalized negative energy as
p(a) = − 1
S
dE(a)
da
= − pi
2
240
1
a4
. (19)
The above expressions of energy density and pressure lead to an equation of state (EoS) p = ωρ with the EoS parameter
ω = 3. The Casimir force is defined as the surface area times the pressure and can be given by F = −pi2S240 1a4 . This
force is a negative quantity and is therefore attractive.
We assume that, the exotic matter of our wormhole be associated with the Casimir energy density given in (18)
with a replacement of the plate separation distance a by the radial coordinate r.
Integrating eq.(11) using the Casimir energy density in eq. (18) and imposing the throat condition b(r0) = r0, we
obtain the shape function as
b(r) = r0 + b1
(
1
r
− 1
r0
)
, (20)
where b1 =
pi2κT
720 .
Since, b′ = − b1r2 , the flaring out condition calculated at the wormhole throat becomes − b1r20 < 0. This condition
implies that b1 should be positive and consequently we may constrain the parameter λ in the range λ > −4pi.
In Figure 1, we have plotted the shape function for the Casimir wormhole in the extended gravity theory for some
possible values of the parameter λ namely λ = 0,−0.5 and 1. All of these choices of λ are within the constrained values
λ > −4pi. For λ = 0, we recover the behaviour in GR. In the figure, the throat radius is taken as r0 = 1 so that the
5radial distance is measured in the unit of the throat radius. In the present work, we have assumed an asymptotically
flat wormhole metric and as expected for all the assumed values of λ, the shape function asymptotically assumes the
value of b(r →∞) = r0− b1r0 . The effect of the parameter λ on the shape function is quite visible beyond the wormhole
throat. For a given radial distance, a decrease in the value of λ increases the value of the shape of function b(r). The
rate of increment in b(r) with respect to λ, increases as we move away from the throat. Also, the asymptotic value
b(r →∞) increases with a decrease in λ. The quantity b′ = − b1r2 vanishes asymptotically signifying the asymptotically
flat wormhole metric. Also we have
lim
r→∞
b(r)
r
= 0. (21)
The radial and tangential pressure for the Casimir wormhole in the extended gravity become
pr(r) = −κ′T
1
r0r4
[
rr20 + b1 (r0 − r)
]
, (22)
pt(r) =
1
2
κ′T
1
r0r4
[
rr20 + b1 (2r0 − r)
]
. (23)
Let us now define a radial EoS parameter ωr(r) =
pr(r)
ρ(r) which can be obtained as
ωr(r) =
rr20 + b1 (r0 − r)
b1r0
. (24)
Similarly for a scenario with the equation of state pt(r) = ωt(r)ρ(r), we can have
ωt(r) = −rr
2
0 + b1 (2r0 − r)
2b1r0
= −1
2
[1 + ωr(r)] . (25)
The behaviour of the EoS parameters ωr(r) and ωt(r) are shown in Figures 2(a) and 2(b) respectively. The radial
equation of state parameter increases with radial distance whereas the tangential equation of state parameter decreases
with the radial distance. At the throat, the radial and tangential EoS parameters reduce to ωr(r0) =
r20
b1
and
ωt(r0) =
r20
2b1
+ 12 respectively. At a given radial distance, while ωr(r) increases with a decrease in λ, ωt(r) decreases.
The radial and lateral pressure on throat become pr(r0) = −κ
′
T
r20
and pt(r0) =
κ′T
r20
[
1
2 +
b1
2r20
]
. From the radial and
tangential pressure we can have an idea of the pressure anisotropy at the throat as | pt(r0)pr(r0) | = |
ωt(r0)
ωr(r0)
| = 12 + b12r20 . This
anisotropy increases with a decrease in the throat radius. Since, b1 =
pi2
720 (8pi+ 2λ) decreases with the decrease in the
value of the parameter λ, the pressure anisotropy decreases for a given wormhole throat.
With the assumption of Casimir energy density, the metric for the wormhole in extended gravity theory reads as
ds2 = −dt2 +
r − r0 − b1
(
1
r − 1r0
)
r
−1 dr2 + r2dΩ2. (26)
V. QUANTUM MECHANICS OF GENERALIZED UNCERTAINTY PRINCIPLE
Various theories of quantum gravity such as the string theory [48–51], loop quantum gravity[52], non commutative
spacetime [53], doubly special relativity [54, 55] and others [56, 57] imply the existence of a minimal length scale of
the order of Planck length lp =
√
G~
c3 ' 10−35m that limits the resolution of small distances in the spacetime [58].
This arises naturally in quantum gravity theories in the form of an effective minimal uncertainty in positions 4x0 > 0.
In string theory, there is a fundamental length scale that determines the typical spacetime extension ls =
√
α′ of a
fundamental string with string tension ~cα′ . Moreover, lp ∼ ls and one can not improve the spatial resolution below
this characteristic length i.e.
4x ≥ lp ∼ ls. (27)
This existence of minimal length demands a correction in the position-momentum uncertainty relation in quantum
mechanics. At least in one dimension, the generalised uncertainty principle(GUP) can be written as
4x4p ≥ 1
2
[
1 + β (4p)2
]
, (28)
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FIG. 2: (a) Radial equation of state parameter ωr(r) of the Casimir wormhole for three different values of λ. (b) Transverse
EoS parameter ωt(r) of the Casimir wormhole for three different values of λ. The throat radius is considered as r0 = 1. In the
figure λ = 0 corresponds the that in GR.
with β = α′. Here we have assumed ~ = 1. This GUP predicts a finite non-zero minimum uncertainty in position
4x0 = 3
√
3
4
√
β. The commutator of the position and momentum operators now changes from [xˆ, pˆ] = i, (i =
√−1)
to the form [58, 59]
[xˆ, pˆ] =
i
1− βpˆ2 . (29)
With an expansion of the right side of the above equation (29), the commutator can be written as
[xˆ, pˆ] = i
(
1 + βpˆ2 + · · · ) . (30)
Interestingly, the matrix elements of the eigenstates of the position operator 〈x|ψ〉 do not have a straight physical
interpretation. This is because, the eigenstates do not corresponds to real physical states. In view of this, quasi-
position representation is adopted which projects the states onto a set of maximally localized states |ψML〉. The
maximally localized states in momentum representation are given by
ψML =
1
(2pi)
3/2
Ω(p) exp−i[k·r−w(p)t], (31)
which are the solution of the equation [
xˆ− 〈x〉+ 〈[xˆ, pˆ]〉
2 (4p)2 (pˆ− 〈p〉)
]
|ψ〉 = 0. (32)
The minimal length corrected commutation relation in eq. (30) can be generalized to n dimension as [60]
[xˆi, pˆj ] = i
[
f(pˆ2)δij + g(pˆ
2)pˆipˆi
]
, i, j = 1, · · · , n, (33)
where f(pˆ2) and g(pˆ2) are the generic functions and can be obtained from translational and rotational invariance
of the generalized commutation relation. Different possible choices of the generic functions lead to different models
and consequent maximally localized states. In the present work, we will discuss two specific choices of the generic
functions that lead to two different models. One that is proposed by Kempf, Mangana and Mann (KMM)[56] and the
other that has been proposed by Detournay, Gabriel and Spindel (DGS) [61].
The generic functions in these models are given by[60–62]
f(pˆ2) =
βpˆ2√
1 + 2βpˆ2 − 1 , (34)
g(pˆ2) = β. (35)
7The KMM construction of the maximally localized states involves
ki =
(√
1 + 2βp2 − 1
βp2
)
pi, (36)
w(p) =
(√
1 + 2βp2 − 1
βp2
)
p, (37)
Ω(p) =
(√
1 + 2βp2 − 1
βp2
)α/2
, (38)
where α = 1 +
√
1 + n2 , n being the number of spatial dimensions.
The DGS construction of the maximally localized states involves
ki =
(√
1 + 2βp2 − 1
βp2
)
pi, (39)
w(p) =
(√
1 + 2βp2 − 1
βp2
)
p, (40)
Ω(p) =
√
2
pi
( √
βp2√
1 + 2βp2 − 1
)
sin
√2pi
(√
1 + 2βp2 − 1
)
2
√
βp2
 . (41)
Frassino and Panella used the concept of minimal length and the generalised uncertainty principle to obtain the
finite energy between the uncharged plane plates. They explicitly derived the Hamiltonian and the corrections to the
Casimir energy due to the minimal length. Up to a first order correction term in the minimal uncertainty parameter
β, the Casimir energy for the two different cases of construction of maximally localized states are obtained as [60]
Ei = − pi
2
720
S
a3
[
1 + ξi
β
a2
]
, (42)
where
ξKMM = pi
2
(
28 + 3
√
10
14
)
, (43)
ξDGS = 4pi
2
(
3 + pi2
21
)
. (44)
The corresponding energy density and pressure become
ρi(a) = − pi
2
720
1
a4
[
1 + ξi
β
a2
]
, (45)
p(a) = − pi
2
240
1
a4
[
1 +
5
3
ξi
β
a2
]
, (46)
where i represents either the KMM construction or the DGS construction.
VI. GUP CORRECTED CASIMIR WORMHOLES
The plate separation distance a may now be replaced by the radial coordinate r to obtain the GUP corrected
Casimir energy density that may be considered as the energy density of the exotic matter of the wormhole. Solving
the wormhole field equations in an extended gravity, we obtain the shape function as
bi(r, β) = r0 + b1
(
1
r
− 1
r0
)
+
b1ξiβ
3
(
1
r3
− 1
r30
)
. (47)
The third term is the correction term due to the generalized uncertainty principle. Here the subscript i denotes
either the KMM construction or the DGS construction. The GUP correction term is proportional to the minimal
uncertainty parameter β. Clearly in the limit β → 0, the shape function reduces to that of the Casimir wormhole.
These shape functions obviously satisfy the throat condition and the flare out condition. In Figures 3(a) and 3(b) the
8shape functions of the GUP corrected Casimir wormholes are shown for three different values of λ. The two types of
construction of the maximally localized states are considered in the figures. We have considered β = 0.1 and r0 = 1
in drawing the figures. Since the two constructions differ only in the value of ξi, obviously the same has been reflected
in the figures. In fact, we have ξKMMξDGS = 1.0923 and therefore the contribution coming from the GUP correction term
decreases by a factor of 1.0923 for the DGS construction as compared to that of KMM construction. This leads to
an increase in the value of shape function of DGS construction as compared to that of the KMM construction.
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FIG. 3: (a) Shape function b(r) of the GUP corrected Casimir wormhole for three different values of λ for KMM construction.
(b) The shape function for DGS construction. We have taken r0 = 1 and β = 0.1. In the figure λ = 0 corresponds the that in
GR.
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FIG. 4: (a) Shape function b(r) of the GUP corrected Casimir wormhole for four different values of β for KMM construction.
(b) Shape function for DGS construction. We have taken r0 = 1 and λ = −0.5. In the figures β = 0 corresponds the Casimir
wormhole without GUP correction.
In order to asses the effect of the GUP correction on the shape function, we have plotted b(r) for different values
of β in Figures 4(a) and (b). Since the GUP correction term becomes a negative contribution beyond the wormhole
throat and is proportional to the minimal length parameter β, an increase in the value of β obviously decreases the
value of the shape function.
9The radial pressure and tangential pressure for the GUP corrected Casimir wormhole become
pr(r, β) = −κ′T
1
3r6r30
[
3r3r40 + 3b1r
2r20(r0 − r) + b1ξiβ
(
r30 − r3
)]
, (48)
pt(r, β) = κ
′
T
1
6r6r30
[
3r3r40 + 3b1r
2r20(2r0 − r) + b1ξiβ
(
2r30 − r3
)]
. (49)
From the expressions of the radial and tangential pressure we obtain the corresponding EoS parameters as
ωr(r, β) =
1
3b1r30
[
3r3r40 + 3b1r
2r20 (r0 − r) + b1ξiβ
(
r30 − r3
)
ξiβ + r2
]
, (50)
and
ωt(r, β) = − 1
6b1r30
[
3r3r40 + 3b1r
2r20 (2r0 − r) + b1ξiβ
(
2r30 − r3
)
ξiβ + r2
]
(51)
= −1
2
[
ωr(r, β) + 1− ξiβ
ξiβ + r2
]
. (52)
The anisotropy in the pressure of the exotic matter of the wormhole becomes
4ω(r, β) = ωt(r, β)
ωr(r, β)
= −1
2
− 1
2ωr(r, β)
[
1− ξiβ
ξiβ + r2
]
, (53)
which reduces to
|4ω(r0, β)| = 1
2
[
1 +
b1
r20
]
. (54)
It is interesting to note that, the GUP modification to the Casimir energy affects the wormhole pressure both in the
radial and tangential directions but at the throat, the magnitude of anisotropy in the pressure remains the same as
that without modification.
The pressure anisotropy for the GUP corrected Casimir wormholes is shown for different values of the GUP param-
eter β in Figures 5(a) and (b). Beyond the wormhole radius, the anisotropy factor decreases with the increase in β.
However, for a radial distance less than the throat, 4ω(r, β) increases with β. In comparison to the usual Casimir
wormholes, the behaviour of 4ω(r, β) is quite different at a radial distance r < r0. At the wormhole throat, the
pressure anisotropy parameter becomes independent of the GUP correction parameter β.
0 2 4 6 8 1 0- 0 . 8
- 0 . 7
- 0 . 6
- 0 . 5
- 0 . 4
  β = 0  β = 0. 0 5  β = 0. 1  β = 0.15
∆ω
 
r
( a ) K M M
0 2 4 6 8 1 0- 0 . 8
- 0 . 7
- 0 . 6
- 0 . 5
- 0 . 4
   β = 0   β = 0. 0 5   β = 0. 1   β = 0. 1 5
∆ω
r
( b ) D G S
FIG. 5: 4ω(r, β) of the GUP corrected Casimir wormhole for four different values of β. We have taken r0 = 1 and λ = −0.5.
In the figure β = 0 corresponds the Casimir wormhole without GUP correction.
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VII. ENERGY CONDITIONS
In general, due to the presence of exotic matter in wormholes, some energy conditions are violated. Particularly
the NEC defined as tµνk
µkν ≥ 0 or ρ(r, β) + pr(r, β) ≥ 0 is violated. In this section, we intend to check whether the
GUP corrected Casimir wormholes in the extended gravity theory satisfies the energy conditions. The NEC for the
GUP corrected Casimir wormholes can be assessed from the expression
NEC : ρ(r, β) + pr(r, β) = −κ
′
T
r3
[
r0 +
b1
r
(
2r0 − r
r0
)
+
ξiβb1
r3
(
4r30 − r3
3r30
)]
. (55)
In the above, the GUP correction term is proportional to the minimal uncertainty parameter β. For a radial
distance r < r0, obviously the right hand side of eqn. (55) is a negative quantity and therefore the NEC is violated.
With an increase in β, the contribution becomes more and more negative. The role of λ is to minimise the NEC
violation through the factor b1. In the limit β → 0, eqn. (55) reduces that of a Casimir wormhole:
ρ(r, β) + pr(r, β) = −κ
′
T
r3
[
r0 +
b1
r
(
2r0 − r
r0
)]
. (56)
At the throat, this expression (55) reduces to
ρ(r0, β) + pr(r0, β) = −κ
′
T
r30
[
r0 +
b1
r0
+
ξiβb1
r30
]
. (57)
Since the right side of the eq.(57) is a negative quantity, it is obvious that, the NEC is violated by the GUP corrected
Casimir wormhole at the throat.
The strong energy condition(SEC) is given by ρ(r, β) + 2pt(r, β) ≥ 0. From the expressions of the Casimir energy
density and the radial pressure we have
SEC : ρ(r, β) + 2pt(r, β) =
κ′T
r3
[
r0 − b1
r
+
b1(2r0 − r)
rr0
+
ξiβb1
r3
(
2r30 − r3
3r30
− 1
)]
, (58)
which reduces to
ρ(r0, β) + 2pt(r0, β) =
κ′T
r30
[
r0 − 2ξiβb1
3r30
]
(59)
at the throat. A violation of SEC at the throat requires that r0 <
(
2ξiβb1
3
)1/4
.
Another way to express the SEC is ρ(r, β) + pr(r, β) + 2pt(r, β) ≥ 0. For this statement, we have
ρ(r, β) + pr(r, β) + 2pt(r, β) = −2
3
κ′T ξiβb1
r6
. (60)
Clearly, this condition is violated by the GUP corrected Casimir wormhole. In Figures 6(a)-6(d), the NEC for the
GUP corrected Casimir wormholes are shown for the two specific constructions of maximally localized states. In the
figure 6(a), NEC for KMM construction is plotted for different values of β. The GUP corrected Casimir wormhole
violates the NEC for all the range of radial distances considered in the work. An increase in the GUP parameter β
makes the energy condition more negative for r < r0. However, after a radial distance
r
r0
> 1.6, an increase in β
makes the energy condition less negative. The effect of λ on the energy condition of KMM construction is shown in
figure 6(b). The effect of λ is not visible in the figures. However, a decrease in the value of λ decreases the value of
b1 and thereby it minimises the energy condition violation. Concerning the effect of β and λ similar behaviour have
been observed for the DGS construction.
A. Exotic matter content
Traversable wormholes with exotic matter content violate the average null energy condition (ANEC) [2, 63]. Since
quantum effects induce some energy condition violation [64], it is pertinent to think of how much ANEC violating
matter is present in the spacetime. Visser et al. have proposed a volume integral theorem that quantifies the amount
of ANEC violating matter present in the spacetime [65].
Using the volume integral theorem of Visser et al. we calculate the exotic matter content of the GUP corrected
wormholes violating the ANEC as
m =
∮
[ρ(r, β) + pr(r, β)] dV. (61)
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FIG. 6: (a)NEC GUP corrected wormhole in KMM construction for different β. (b)NEC GUP corrected wormhole in KMM
construction for different λ. (c)NEC GUP corrected wormhole in DGS construction for different β. (d)NEC GUP corrected
wormhole in DGS construction for different λ. We have taken r0 = 1. In the figures β = 0 corresponds the Casimir without
GUP correction.
Since
∮
dV = 2
∞∫
r0
dV = 8pi
∞∫
r0
r2dr, we should evaluate the integral
m = −8piκ′T
∞∫
r0
1
r
[
r0 +
b1
r
(
1 +
(r0 − r)
r0
)
+
ξiβb1
r3
(
1 +
r30 − r3
3r30
)]
dr. (62)
However, it would be useful, if we have a wormhole whose field only deviates from that of Schwartzchild in the
region from the throat to a certain radius R, then we have
m = −8piκ′T
R∫
r0
1
r
[
r0 +
b1
r
(
1 +
(r0 − r)
r0
)
+
ξiβb1
r3
(
1 +
r30 − r3
3r30
)]
dr, (63)
= 8piκ′T
[(
b1
r0
− r0 + ξiβb1
3r30
)
ln
(R
r0
)
+
4ξiβb1
9
(
1
R3 −
1
r30
)]
. (64)
Obviously for a region confined to the throat, i.e. R = r0, no exotic matter is required to support the wormhole.
However, for a region outside the throat, a small amount of exotic matter is required. In fact, the total amount of
ANEC violating matter can be reduced by considering suitable wormhole geometry.
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VIII. CONCLUSION
In this paper, we have modelled traversable static wormholes in the framework of an extended gravity theory. In
this modified gravity theory, the geometrical action contains a term proportional to the trace of the energy momentum
tensor. This additional term provides an explanation for the late time cosmic speed up issue without the need of
any exotic degrees of freedom in the matter field. Such a theory may be associated with the existence of imperfect
fluids and has been motivated from the quantum effects of particle production. It is needless to mention here that,
the extended gravity theory has been widely investigated in literature concerned with many issues in cosmology and
astrophysics.
Casimir effect that appears due to distorted quantized field of the vacuum between two plane parallel plates is
known to be associated with exotic pressure and energy which may be realisable in the laboratory. Obviously, such
exotic matter violates the energy conditions. Since wormholes are solutions of Einstein field equations and contain
exotic matter and violate the null energy condition, the quantum nature of Casimir effect may be useful for modelling
these exotic objects. In the present work, we have modelled such traversable wormholes with exotic matter content
favouring Casimir effect in the framework of the extended gravity theory. From the Casimir energy density, we have
integrated the extended gravity field equations to obtain the shape function of the wormhole metric. The obtained
shape function satisfies the throat condition and the flare out condition well. The slope of the shape function vanishes
asymptotically. Also, we have observed the effect of the modified gravity on the shape function. At a radial distance
away from the wormhole throat, a decrease in the value of the extended gravity parameter results in an increase
in the shape function. However, at a radial distance closer to the throat, the effect of the extended gravity is not
substantial. We have defined radial and tangential equation of state parameters as the ratio of the respective pressure
to the Casimir energy density. While the radial equation of state parameter is obtained to be an increasing function
of the radial distance, the tangential equation of state parameter is a decreasing function. The extended gravity
parameter also affects the behaviour of the radial and tangential equation of state parameters to a large extent at
least at distances away from the throat. The pressure anisotropy defined as the ratio of the tangential to radial
equation of state parameter decreases with a decrease in the parameter λ.
The concept of minimal length in quantum gravity theories has led to the proposal of generalised uncertainty
principle. In the present work, we have explored the effect of GUP on the traversable wormholes with exotic Casimir
energy density. Since there can be many ways to construct the maximally localized quasi quantum states using
different possible generic functions, there can be ample ways to model the Casimir wormholes. However, in the
present work, we have considered two well known construction of the quasi quantum states. Using these KMM and
DGS construction, we have modelled the Casimir wormholes in the framework of the extended gravity theory. The
shape function of the GUP corrected Casimir wormhole assumes a lower value than the usual Casimir wormhole at a
radial distance away from the throat. However, it assumes a higher value at a distance below the throat. It has been
observed that, the GUP correction has substantially changed the dynamics of the pressure anisotropy of the Casimir
wormhole. We have also investigated the violation of the energy conditions for the GUP corrected wormhole. The
GUP corrected Casimir wormholes violate the energy condition more evidently with an increase in the minimal length
parameter for both the types of construction. Also, we have calculated the exotic matter content of the wormhole
using the volume integral theorem of Visser et al. [65] and found that a small amount of exotic matter is required to
support the wormhole.
We may remark here that, lensing properties of wormholes may lead to their possible detection which may be used
to test different gravity theories. Another aspect is the calculation of the deflection angle of light from wormhole at
least at the weak field limit. The lensing data and deflection angles from observations may be used to constrain the
modified gravity parameters. The model presented in the present work may also be confronted with observational
lensing data that may come up. In the present work, we have used a simple extended gravity theory to explore the
physical behaviour of the Casimir wormholes and GUP corrected wormholes. One may use any other extension of the
functional f(T ) else than the linear one to obtain more general wormholes.
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